ABSTRACT
INTRODUCTION
Mineral trioxide aggregate has been used for repair of root perforations, root end filling material, vital pulp therapy including direct pulp capping and pulpotomy of immature teeth with vital pulps (apexogenesis) and as an apical barrier for teeth with open apices [1] [2] [3] [4] making it an extremely popular endodontic material, but the search for better endodontic materials has lead to the introduction of a tricalcium silicatebased material called Biodentine TM , which has clinical applications similar to those of MTA. 5 Variations in the periapical pH can affect the physical and chemical properties of a root end filling material. The effect of acidic pH on the surface microhardness of MTA has been well documented. 6 As sufficient literature on Biodentine is lacking, the present study was designed to evaluate the surface microhardness of the material when exposed to different levels of acidic pH.
MATERIALS AND METHODS
Biodentine was mixed in an amalgamator according to manufacturer's instructions. Forty specimens were prepared by packing the material in customized stainless steel molds (diameter = 5 mm and height = 1.5 mm) using a nonsurgical manual MTA carrier (Dentsply, Tulsa Dental) and manual pressure. 7 Specimens were then divided into four groups of 10 specimens each. Each group was placed in a separate vial. In group I, the bottom of the vial contained a piece of 2 × 2 cm gauze that had been soaked in phosphate-buffered saline solution (pH = 7.4). In groups II, III and IV the bottom of the vial contained a piece of 2 × 2 cm gauze that had been soaked in butyric acid buffered at pH values of 6.4, 5.4 and 4.4 respectively. Acid-soaked pieces of gauze were replaced every day with fresh ones to ensure sufficient acidic environment within the vials. The specimens were then incubated for 4 days at 37°C. After 4 days all the specimens were removed from the different pH solutions; they were washed and gently dried with air spray. The specimens were polished by using minimum hand pressure and silicon carbide based 1,000-grit particle size sandpaper. The Vickers microhardness test was performed by using microhardness tester (Shimadzu HMV 2000; Vickers pyramid indenter shape, Kyoto, Japan) with square-based pyramid-shaped diamond indenter with angle of 136 between the opposite faces. A full load of 50 gm was applied for 10 seconds at room temperature. The Vickers microhardness of each specimen was calculated by measuring the diagonal diameter of the resulting indentation. Four indentations were produced on the surface of each specimen. A blinded operator used the mean hardness of each indentation to calculate the differences among the groups. The Vickers microhardness is calculated using the following formula: HV = 1.854 (F/d 2 ) approximately where F = load/kg and d = the mean of the two diagonals of the impression made by the indenter in millimeters.
RESULTS
The data obtained after the surface microhardness test was performed is tabulated in Table 1 . The mean retentive strength of the test groups are shown in Graph 1 and the statistical comparison of groups are shown in Table 2 . The data was analyzed by one-way analysis of variance (ANOVA) using Tukey's post hoc correction for multiple group comparisons. The greatest mean surface hardness values were shown by group I (control pH = 7.4) which
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showed mean microhardness of 67.5 ± 4.1 HV with the values decreasing to 46.3 ± 5.0 HV for specimens of group IV (pH = 4.4). Group II (pH = 6.4) showed mean microhardness of 65.8 ± 3.6 HV which was not statistically significant when compared to group I. Group III (pH = 5.4) showed mean microhardness of 61.9 ± 4.7 HV. The p-value less than 0.05 was considered to be statistically significant.
DISCUSSION
A root-end filling material is invariably placed in an environment where inflammation is present and where the pH is likely to be acidic. 8, 9 This acidic pH is likely to be an impediment to the setting reaction of Biodentine causing it to affect the microhardness of the set material. Hardness as defined by O'Brien 10 is the resistance of material to indentation, and it correlates to material's strength and rigidity. 11 The microhardness of a material is not a measure of a single property. It is influenced substantially by other fundamental properties of the material such as yield strength, tensile strength, modulus of elasticity and crystal structure stability. 12 Thus when compared with baseline information; it can be used as an indicator of the setting process and the overall strength or resistance to deformation. Danesh et al 13 reported the Vickers microhardness of MTA to be 39.99. Namazikhah et al 6 noted that at a pH of 7.4 the Vickers microhardness of MTA was 53.19 which reduced drastically as the pH was lowered. The present study which was designed to evaluate the surface microhardness of Biodentine as an indicator of the setting process following exposure to a range of acidic pH during hydration showed that the surface microhardness of Biodentine at pH 7.4 was 67.5 ± 4.1 HV. And even at pH as low as 4.4 the surface microhardness was 46.3 ± 5.0 HV. Biodentine showed higher values of microhardness when compared to the microhardness tests carried out on MTA in previous studies.
Higher values of microhardness of Biodentine can be explained on the basis of calcium chloride present in the liquid provided by the manufacturer. The addition of CaCl 2 is intended to reduce the setting time of the Portland cement and to improve its physicochemical properties in civil construction. 14, 15 A possible explanation behind calcium chloride enhancing the physical properties are that calcium chloride penetrates the pores of cements, strongly accelerating the hydration of silicates and leading to their faster crystallization and reducing the setting time. 16, 17 
CONCLUSION
Acidic environment significantly reduces the surface microhardness of Biodentine, but when compared to the microhardness values of MTA garnered in previous studies, Biodentine showed higher surface hardness.
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